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(54) Method for measuring distribution of beams of charged particles and methods relating 
thereto 


(57) Current density distributions of the ion beam in 
the scanning direction (the direction of X) at two points 
Z( and Zb on Z-coordinate are respectively measured by 
Faraday arrays. Using the thus measured current den- 
sity distributions, a current density distribution in the 
scanning direction of the ion beam at an arbitrary posi- 
tion on Z-coordinate located in a workpiece is found by 
the method of interpolation. Using the thus found cur- 
rent density disb'ibution, a waveform of scanning volt- 
age V(t) of the ion beam is reformed so that a scanning 
speed of the ion beam can be relatively decreased at a 
position where the current density must be raised in the 
cun'ent density distribution and a scanning speed of the 
ion beam can be relatively increased at a position where 
the current density must be lowered. Due to the forego- 
ing, a current density distribution in the scanning direc- 
tion of tiie ion beam at an arbitrary position on Z- 
coordinate located in the workpiece is adjusted to a 
desired disb'ibution. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

[0001] TTie present invention relates to a method of measuring a current density distribution of a beam of charged 
particles at an arbitary position on Z-cootdinate in a workpiece, a method of adjusting the current density distritxjtion, 
and a method of irradiating the workpiece while the beam of charged particles conducts scanning by a preferable scan- 
10 ning electric waveform in a hybrid scanning type apparatus such as an ion-implantation apparatus, an ion beam irradi- 
ation apparatus and an electron beam in-adiation apparatus in which electromagnetic scanning of a beam of charged 
particles such as a ion beams, and mechanical drive of a workpiece such as a semiconductor board are jointly used. 

2. Description of the Related Art 

IS 

[0002] As a typical example of ttie above apparatus in which a beam of charged particles is used, there is provided 
an ion-implantation apparatus in which a workpiece is irradiated with an ion beams so that the ions can be implanted. 
In the following explanations, the Ion-implantation apparatus is taken up as an example. 

[0003] Fig. 7 is a schematic drawing showing a main portion of a conventional example of ttie hybrid scanning type 
20 ion-implantation apparatus. This apparatus is composed as follows. A workpiece (for exartple, a semiconductor board) 
4 held by a holder 6 is mechanically reciprocated as shown by arrow A along one axis, which is Y-axis in this case, in 
the three dimensional space. Simultaneously, a ion beam 2, which proceeds along Z-axis substantially perpendicular 
to Y-axis, is electromagneti'caliy subjected to scanning by a scanner not shown in ttie direction X substantially perpen- 
dicular to Y-axis and Z-axis, ttiat is a ion beam 2 is subjected to scanning by an electric field and/or magnetic field, so 
25 that ttie workpiece 4 can be irradiated with ttie ion beam 2. Accordingly, it is possible to implant a desired dopant (impu- 
rities to be implanted) in a desired region (typically, all over ttie surface) of the workpiece 4 by a desired distritxjtion (typ- 
ically, uniformly). Reference numeral 8 designates a drive shaft for driving the holder 6. 

[0004] In order to make the dopant exist in ttie desired region of ttie workpiece 4 by ttie desired disti'ibution, it is nec- 
essary to control the mechanical drive of ttie workpiece 4 and the electromagnetic scanning of ttie ion beam 2 so that 
30 the desired distribution can be obtained. That is, in order to obtain the desired distribution in the direction of Y-ajds, it is 
necessary to appropriately conb'ol the drive of the workpiece 4. Furttier, in order to obtain the desired disti'ibution in the 
direction of X-axis, if is necessary to appropriately control the scanning of the ion beam 2. The present invention relates 
to ttie latter, that is, the present invention relates to ttie scanning of the ion beams. 

[0005] In order to obtain ttie desired disttibution of ttie dopant in the scanning direction of ttie ion beam 2 (the direction 
35 of X-axis), as well known, it is necessary to make a distribution of current density in the scanning direction of the ion 
beam 2 at a position where the ion beam 2 is incident upon tiie workpiece 4 coincide witti the desired distribution of the 
dopant. 

[0006] Therefore, conventionally, Faraday (current detector) 1 0, which is mechanically driven in the scanning direction 
of the ion beam 2, is arranged at a position of the workpiece 4 or in ttie proximity of the workpiece 4, and while Faraday 
40 1 0 is driven as described above as shown by arrow B, a beam current is measured. Thus, a distribution of beam current 
density can be measured at ttie position. A scanner of the ion beam 2 is conb'olled by the measured data so that ttie 
distributa'on of beam current density at the position can be formed into a desired shape. This technique is disclosed, for 
example, in Toku Hyo Sho No. 64-500310. 

[0007] In the above ion-inplantation apparatus, in many case, as illustrated in Rg. 8, when ttie workpiece 4 is 
45 mechanically driven, the holder 6 is inclined, so ttiat a tilt angle 6, which is an angle formed between a surface of the 
workpiece 4 and Y-axis (in ttiis case, the holder drive shaft 8), can be a constant value more than 0°. This tilt angle e is 
the same as ttie incident angle of ttie ion beam 2 which is incident upon ttie surface of ttie workpiece 4. The reason why 
the tilt angle 9 is set at a value more than 0° is to prevent the channeling effect otthe ion t>eams with respect to a sem- 
iconductor board. Another reason why ttie tilt angle 6 is set at a value more Uian 0° is ttiat ions are also implanted onto 
50 side walls of the trench structure formed on the surface of the workpiece. 

[0008] When ttie tilt angle 6 is increased (In the case shown in Fig. 8, ttie tilt angle 9 is set at 60°.), as shown in Rg. 
8. position Zi on Z-coordinate at which the ion tseam 2 subjected to scanning in X-direction is incident upon a lower end 
portion of the workpiece 4 in Y-direclion and position Z3 on Z-coordinate at which the ion beam 2 subjected to scanning 
in X-direction is incident upon an upper end portion of the workpiece 4 in Y-direction are greatiy different from position 
55 Z2 on Z-coordinate at the center of ttie workpiece 4. This tendency becomes more remarkable when a plane size of the 
workpiece 4 is increased. 

[0009] In general, the ion beam 2, which has been electi-omagnetically subjected to scanning, is a group of ions, Uie 
proceeding directions of which are different a little from each other. Therefore, a distribution of beam current density in 
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the scanning direction generally depends upon a position on Z-coordinate. 

[001 0] However, according to the conventional art described before, the distribution of current density of the ion beam 
2 can be measured only at one point on Z-coordinate axis on which Faraday 1 0 is arranged, for example, the distribution 
of cun-ent density of the ion beam 2 can be measured only at position Z2 on Z-coordinate. Accordingly, distributions of 
5 cun^ent density at an upper and a lower portion of the workpiece 4 are different from the distribution measured by Far- 
aday 10. As a result, the distributions of the dopant at the upper and the lower portion of the workpiece are different 
from a desired distribution. 

[0011] For example, in order to conduct ion-implantation uniformly all over the surface of the workpiece 4, when a 
beam scanner is conti-olied so that a disb'ibution of beam current density in X-direction (scanning direction) can be uni- 

10 form at position Z2 on Z-coordinate, a shape of the distribution of beam current density at position Z^ on Z-coordinate 
usually prob'udes downward, and a shape of tine disb'itHition of beam current density at position Z3 on Z-coordinate usu- 
ally protrudes upward. As a result, as shown in Fig. 10, the disb'ibution becomes non-uniform in such a manner that a 
quantity of implanted dopant on tiie surface of the workpiece 4 at the center in the direction of X-axis is increased in the 
proximity of the upper portion of the workpiece 4, and a quantity of implanted dopant on the surface of the workpiece 4 

15 at the center in the direction of X-axis is decreased in the proximity of ttie lower portion of the workpiece 4. In Fig. 10, 
the quantity of implanted dopant is increased in the order of marks of ~, -, -, +, ++, +++. 

SUMMARY OF THE INVENTION 

20 [001 2] ft is an object of the present invention to provide a method of measuring a current density distribution of a beam 
of charged particles at an arbitrary position on Z-coordinate located in the workpiece in an apparatus in which a tilt 
angle of the workpiece can be set at a value more than 0°. 

[001 3] It is anottier object of the present invention to provide a mettiod of adjusting the disti-ibution to a desired one. 
[0014] It is still another object of the present invention to provide a method of irradiating the workpiece with charged 

25 particles while charged particles are subjected to scanning by a desirable scanning electric waveform. 

[0015] According to the first aspect of the present invention, a method of measuring distribution of a beam of charged 
particles comprises the steps of: measuring a first current density disti-ibution in the scanning direction of the beam of 
charged particles at a first position on Z-coordinate and also measuring a second current density distritHition in ttie 
scanning direction of the beam of charged particles at a second position on Z-coadinate: and finding a current density 

30 distribution in the scanning direction of the beam of charged particles at an arbitrary position on Z-coordinate by the 
interpolation or extrapolation by using ttie first and the second current density distribution. 

[001 6] According to this disb'ibution measuring method, it is possible to freely find a disbibution of beam current den- 
sity at an arbifrary position on Z-coordinate located in the workpiece by the measurement of distritHition of current den- 
sity of ttie first and the second beam. Accordingly, even when the tilt angle and the plane size of the workpiece are large, 
35 a state of the distribution of beam cun-ent density can be accurately grasped on a surface of ttie workpiece including a 
portion in the proximity of an end portion in Y-direction of the workpiece. 

[0017] According to the second aspect of the present invention, a method of adjusting distribution of a beam of 
charged particles comprises the step of: adjusting a current density distritxition in ttie scanning direction of a beam of 
charged particles at an arbibary position on Z-coordinate in the workpiece by reforming a scanning electric waveform 

40 of the beam of charged particles so that a scanning speed of the beam of charged particles can be relatively lowered 
at a position where the current density is to be increased in ttie current density distribution and also a scanning speed 
of ttie beam of charged particles can be relatively raised at a position where ttie current density is to be decreased, by 
using the current density distribution of ttie beam of charged particles at an arbitrary position on Z-coordinate in ttie 
workpiece which has been found by the method of measuring disbibution of the beam of charged particles according 

45 to ttie first aspect. 

[0018] According to ttie above method of adjusting distrit)ution, it is possible to freely adjust a distritxition of beam 
current density at an arbitrary position on Z-coordinate located in the workpiece. Accordingly, even if the tilt angle and 
the plane size of ttie workpiece are large, it is possible to irradiate a beam of«fiarged particles at a desired disbibution 
in a desired region of the workpiece. 

50 [001 9] According to the third aspect of the present invention, a first mettiod of irradiating a beam of charged particles 
comprises the steps of: finding previously a plurality of scanning elecb-ic waveforms of a beam of charged particles for 
realizing a desired current density disb'ibution at a plurality of positions on Z-coordinate in the workpiece according to 
the method of adjusting distritxition according to the second aspect; calculating a position on Z-coordinate at which the 
beam of charged particles is incident upon the wrarkpiece in real time by using ttie tilt angle of the workpiece in the irra- 

55 diation of the beam of charged particles and also using a momentary position on Y-coordinate; selecting successively 
in real time a scanning elecbic waveform in which the position on Z-coordinate coincides with or is closest to the posi- 
tion on Z-coordlnate calculated before, from ttie plurality of scanning elecbic waveforms found previously: and conduct- 
ing irradiation on the workpiece while the beam of charged particles conducts scanning by the selected scanning 
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electric waveform. 

[0020] According to the first method of irradiating a beam of charged particles, it is possible to irradiate a beam of 
charged particles to a workpiece in accordance with a position at which the charged particles are incident upon the 
workpiece while scanning is being conducted by a scanning electric waveform appropriate for realizing a desired distri- 
5 bution of beam current density. Accordingly, even if the tilt angle and the plane size of the workpiece are large, it possi- 
ble to irradiate a beam of charged particles by a desired distribution in a desired region of the workpiece. Further, this 
can be conducted by using a finite number of scanning electric waveforms. Therefore, the control and calculation 
becomes easy. Accordingly, this method can be effectively put into practical use. 

[0021 ] According to the fourth aspect of the present invention, a second method of irradiating a beam of charged par- 
10 tides comprises the steps of: finding previously a plurality of scanning electric waveforms of a beam of charged parti- 
cles for realizing a desired current density distribution at a plurality of positions on Z-coordinate in the workpiece 
according to the method of adjusting distribution according to the second aspect; calculating in real time a position on 
Z-coordinate at which the beam of charged particles is incident upon the workpiece by using the tilt angle of the work- 
piece in the irradiation of the beam of charged particles and also using a momentary position on Y-coordinate; weighting 
15 a difference among the plurality of scanning electric waveforms, which have been previously found, by the position on 
Z-coordinate which has been calculated before; calculating in real time successively a scanning electi'ic waveform with 
respect to each position on Z-coordinate which has been calculated before; and conducting in'adiation on the workpiece 
while the beam of charged particles conducts scanning by the calculated scanning electric waveform. 
[0022] According to the second method of irradiating a beam of charged particles, it is possible to provide the same 
20 effect as that of the first method of irradiating a beam of charged particles while a smaller nunt)er of scanning electric 
waveforms are being used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0023] In ttie accompanying drawings: 

Rg. 1 is a perspective view showing an emtjodiment of the hybrid scanning type ion-implantation apparatus for car- 
rying out the distribution measuring method of the present invention; 

Fig. 2 is a perspective view showing another entiodiment of the hybrid scanning type ion-implantation apparatus 
30 for carrying out ttie distribution measuring method of ttie present invention; 

Fig. 3 is a view showing a simplified example of the beam current density distribution at positions Zf, Zb and Z^ on 
Z-coordinate; 

Rg. 4A is a view showing a simplified example of deviation of the beam current density distribution; 
Fig. 4B is a view showing a simplified example of scanning voltage waveform for correcting the deviation; 
35 Fig. 5 is a view showing a more specific example of scanning voltage before reformation of ttie waveform, variation 
of the scanning voltage concerned and deviation of ttie beam current density disfribution; 
Rg. 6 is a view showing a more specific example of scanning voltage after reformation of the waveform and devia- 
tion of the scanning voltage concerned; 

Fig. 7 is a perspective view showing an exanple of a workpiece and others of the conventional hybrid scanning type 
40 ion-implantation apparatus; 

Rg. 8 is a side view showing a workpiece and others when the tilt angle 6 is set at 60°; 

Rg. 9 is a view showing a simplified example of the beam current density disb'ibution at positions Z^, Z2 and Z3 on 
Z-coordinate in a conventional ion-implantation apparatajs; and 

Rg. 10 is a view showing an example of ttie disb'ibution of a quantity of implanted dopant on a face of a workpiece. 

45 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0024] Preferred embodiments of ttie present invention will be described as follows referring to tine accompanying 
drawings. 

50 [0025] Fig. 1 is a perspective view showing an embodiment of a hybrid scanning type ion-implantata'on apparatus in 
which ttie distribution measuring mettiod and others of the present invention are earned out. The same reference char- 
acters and numbers in Rg. 7 are applied to the same or similar parts ttiroughout Rg. 1 showing this embodiment. Dif- 
ferent points of this embKxfiment from ttie conventional example are mainly explained as follows. 
[0026] The apparatus of ttiis embodiment is conposed as follows. An ion beam 2 generated by an ion source not 

55 shown is accelerated and subjected to mass separation when necessary. Then, the ion beam 2 is electi'omagnetically 
scanned by a scanner 12. Further, in ttiis embodiment, the ion beam 2 is parallelized by a parallelizer 14. After that, a 
workpiece 4 set on ttie holder 6 is irradiated witti ttie ion beam 2. In this emtxxliment, the drive directions of the work- 
piece 4 and ttie holder 6, the proceeding direction of the ion beam 2 irradiating on the workpiece 4 and ttie scanning 
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direction are tfie same as those of ttie conventional example shown in Fig. 7. These directions are respectively direc- 
tions of Y-axis, Z-axis and X-axis. 

[0027] For the convenience of explanations, the holder shaft 8 and the holder drive unit 24 for driving the holder shaft 
8 are arranged on the upper side of the holder 6 in thedrawing. However, they can be arranged on the lower side of the 
5 holder 6. As disclosed in Japanese Examined Patent Publication No. 7-54688, the holder 6 and the workpiece 4 may 
be mechanically reciprocated along Y-axis by an oscillating type pivotal arm. 

[0028] In this embodiment, the scanner 12 is composed of a pair of scanning magnetic poles. An triangular-wave-like 
scanning voltage V(t), which is outputted from the scanning control unit 34, is amplified by the amplifier 36 and con- 
verted into an electric cun'ent waveform l(t) by the anplifier 36 and then supplied to the scanner 12. 
10 [0029] The parallelizer 14 is not essential to the present invention. Therefore, the parallelizer 14 may be arbitrarily 
provided In the apparatus. 

[0030] There are provided a first Faraday a^ay 20 ("front Faraday") and a second Faraday array 30 ("back Faraday") 
in the direction of Z-axis in the proximity of the holder 6. Positions of both Faraday arrays 20, 30 on Z-coordinate are 
respectively represented by Z, and In this embodiment, referring to Fig. 8, a relation of Z, < Z^ < Z2 < Z3 < Z^, can be 
15 satisfied. Z, , Z2 and Z3 have already been explained above. The Faraday arrays 20, 30 are composed In such a manner 
that a plurality of Faraday cups 22, 32, the specifications of which are the same, respectively having slits which are long 
and slender In the direction of Y-axIs, are arranged in the direction of X which is a scanning direction of the ion beam 2. 
Positions of the Faraday cups 22, 32 on X-coordinate are previously known. 

[0031 ] Each Faraday cup 22, 32 receives an ion beam 2 and measures a beam current. An area of each Faraday cup 
20 22, 32 upon which the beam is incident is previously known. Therefore, it Is possible to measure beam current density 
of the ion beam 2 which are incident upon each Faraday cup 22, 32. Accadingly. it is possible to measure beam current 
density distribution of the ion beam 2 in the direction of X at positions Z( and Zj, on Z-coordinate by the Faraday arrays 
20. 30. Data measured by both Faraday arrays 20, 30 is supplied to the scanning control device 34 in this emtxxliment. 
[0032] In this embodiment, the Faraday array 20 on the upstream side is arranged In the front portion of a mask plate 
25 16 having an opening 18. These are driven in the vertical direction as shown by arrow C by a drive unit not shown in 
the drawing. In Rg. 1 , the mask plate 16 and Faraday array 20 are located at an upper limit position. In the above con- 
dition, a portion of the ion beam 2, which has completed scanning, passes through the opening 18 of the mask plate 
16. After the Ion beam 2 has passed through the opening 18, when implantation is conducted on the workpiece 4 on 
the holder 6, the ion beam 2 is irradiated to the workpiece 4 as shown in the drawing. However, when implantation is 
30 not conducted on the workpiece 4 on the holder 6, the holder 6 is retracted to a position at which the ion beam 2 is not 
otistructed by the holder 6. Therefore, the ion beam 2 is incident upon the Faraday array 30 an-anged on the down- 
stream side. Accordingly, it is possible to measure a beam current density distribution of the ion beam 2 in the direction 
of X by the Faraday an-ay 30 on the downstream side In this case. 

[0033] When the mask plate 1 6 and the Faraday array 20 are arranged at the lower limit position, the Faraday array 
35 20 obstructs the ion beam 2 which has been scanned. Therefore, It is possitJe to measure a distribution of beam current 
density of the ion beam 2 in the direction of X. 

(1) In the apparatus shown in Fig. 1, a method of measuring a distribution of current density of the ion beam 2, 
which has been subjected to scanning, will be explained bebw. 

40 First, beam current density distribution S (X, Z,) In the scanning direction (X-direction) of the ion beam 2 at posi- 

tion Zf on Z-coordinate Is measured by the Faraday array 20 arranged on the upstream side. An example of the 
result of the measurement, which is simplified, is shown In Rg. 3. 

Next, beam current density distribution S (X. ZQ in the scanning direction (X-direction) of the ion beam 2 at 
position Z[, on Z-coordinate is measured by the Faraday array 30 arranged on the downstream side. An example of 

45 the result of the measurement, which is sinplified, is shown in Rg. 3. 

According to the above data, it can be concluded that the beam current density distribution Is changed from S 
(X, Zf) In Rg. 3 to S (X, Z|,) while the ion beam 2 proceeds from the Faraday array 20 arranged on the upstream 
side to tiie Faraday array 30 arranged on the downstream side. « 

In this connection, from the practical viewpoints, there is no external electromagnetic field, which changes a 

50 path of the ion beam 2, between the Faraday arrays 20 and 30. Since it is designed that no focus of ttie ion beam 
2 exists In this section, divergence effect (space charge effect) caused by the self-electric fiekl of ttie Ion beam 2 is 
negligibly small. Accordingly, it Is possible to assume that ttie traveling direction of the ion beam 2 is not changed 
in ttiis section. Further, generation and extinction of ttie Ion beam 2 in ttiis section are negligibly small. The above 
can be said in this type ion-implantation apparatus. 

55 Accordingly, as shown by the following expression 1 , beam cun'ent density distribution S (X, Zx) in the direction 

of X of the ion beam 2 at an artilb'ary position (Z, ^ Zx < Z3) on Z-coordinate in the workpiece 4, which exists 
between boVn Faraday arrays 20 and 30, can be expressed by beam current density S (X, Z() at ttie multiple Fara- 
day 20 and beam current density S (X, Zf,) at multiple Faraday 30. 
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S(X. Z,) =S(X. Z,) + {S(X. Zb) - S(X, Z,)} x(Z, -Z,)/(Zt, - Z,) [Expression 1] 

Accordingly, it is possible to find beam cun-ent density distribution S(X, Z^) at position Z, on Z-coordinate 
according to Expression 1 . This method is referred to as an interpolation. An exanple of beam current density dis- 
tribution Sp<, Zx), which has been found in this way, is shown in Fig. 3, wherein this beam current density distribu- 
tion is simplified for convenience of explanation. 

In this connection, also when both Faraday an-ays 20 and 30 are an'anged in the proximity of the workpiece 4 
on the upstream side or the downstream side, the same relation as that of Expression 1 is established. Therefore, 
it is possible to find beam current density distribution Sp(, Z^ at position Z^ on Z-coordinate according to the above 
expression. This method is refen-ed to as an extrapolation. 

In this embodiment, the above measurement of the beam current density distribution can be made by using the 
two Faraday arrays 20, 30 and the scanning control unit 34. 

According to the above measurement method, when the beam current density distritxition is measured only at 
two positions (Z,, Zb), it is possible to freely find a beam current density disb^ibution at an ait)itrary position Z^ on Z- 
coordinate located in tiie workpiece 4. Accordingly, even when the tilt angle 0 and the plane size of the workpiece 
4 are large, a state of the disti'ibution of beam current density can be accurately grasped on a surface of the work- 
piece 4 including a portion in the proximity of an end portion in Y-direction of the workpiece 4. 

(2) Next, explanation will be made to a metiiod of adjustment by which beam current density disti-ibution S(X, ZJ 
that has been found in the above manner can become a desired disti'ibution. 

First, as an example, deviation dev(X, ZJ, which is defined by the following expression, of beam current density 
disti'ibution S(X, Z^) is found. In this case, mean S(ZJ is an average of S(X, Z J. 

dev{X, Zx)={S(X, Z J-mean S(Zx)}/mean S{Z^) [Expression 2] 

A simplified example of deviation dev(X^ ZJ, which has been found in the manner described above, is shown 
in Fig. 4A. A positive portion of deviation devpc, Z^) is a portion in which the current density is higher than ttie aver- 
age, and a negative portion of deviation devQC, Z^ is a portion in which the current density is lower ttian the aver- 
age. 

In this case, a waveform of scanning voltage V(t) of ttie ion beam 2 is formed so that a scanning speed of ttie 
ion beam 2 can be relatively reduced at a position where the beam current density must be increased. Specifically, 
the adjustment is made as follows. Inclination AV(t)/At of scanning voltage V(t) in a portion con-esponding to a posi- 
tion where the beam cuaent density must be increased is reduced; inclination AV(t)/At of scanning voltage V(t) in a 
porti'on corresponding to a position where tiie beam cuaent density must be decreased is extended; or both are 
jointly used. Due to the foregoing, deviation dev(X, ZJ at position can be adjusted to a desired value, that is, 
beam cun'ent density distribution S(X, ZjJ at position Z, can be adjusted to a desired disti'ibution. 

For example, as shown in Fig. 4A in which deviation is dev(X, ZJ, an inclination of scanning voltage V(t) in a 
portion where deviation dev(X, ZJ becomes negative is reduced to be smaller ttian the inclinati'on of an essential 
triangular wave 42 as shown in Fig. 4B. Also, an inclination of scanning voltage V(t) in a portion where deviation 
dev(X, ZJ becomes positive is increased to be larger than the inclination of the essential triangular wave 42 as 
shown in Fig. 4B. Consequently, deviation devQC, Z^) can be made sut)stantially flat, that is, deviation dev(X, 
can be made to be 0, and beam current density distritxition S(X, Z^) at position Zj, can be made substantially uni- 
form. 

In this embodiment, the waveform of scanning voltage V(t) can be reformed by the scanning control unit 34. 

More specific examples of scanning voltage V(t) before and after ttie reformation of the waveform, variation D 
(= AV(t)/At) of the scanning voltage concerned, and deviation dev of the beam current distribution are shown in 
Rgs. 5 and 6. Fig. 5 shovre a state before the reformation of the wtaveform. Fig. 6 shows a state after ttie reforma- 
tion of ttie waveform. Variation D corresponds to an inclination of scanning voltage V(t) described before. Horizontal 
axes of Figs. 5 and 6 express time t in this case. Time corresponds to a scarining position of ttie ion beam 2 in ttie 
direction of X. At the point of time when ttie inclination of scanning voltage V(t) is inverted, that is, at the top of the 
triangular wave, the scanning direction of ttie ion beam 2 is inverted. A scale of variations in Fig. 6 is provided when 
a scale of variations in Rg. 5 is magnified by about 10 times. 

When deviation dev in the case of conducting scanning by the ion beam 2. ttie scanning voltage of which is 
V(t), of a perfect tiiangular wave, the variati'on D of which is constant, is changed to be ± as shown in Fig. 5, it is 
possible to make deviation dev to be 0 at all times by changing variation D of scanning voltage V(t) so ttiat deviation 
dev can be canceled and a waveform of scanning voltage V(t) can be reformed to be a form a little different from a 
perfect ti'iangular wave (in this case, an oblique side of ttie triangular wave is a little prob'uded downward). 

(3) Next, explanation will be made to a method of irradiating a ion beam 2 to ttie workpiece 4 (shown in Rg. 8), 
which is reciprocated in ttie direction of Y-axis under the condition that the tilt angle is set at 0, while scanning is 
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being conducted by a scanning voltage waveform appropriate for realizing a desired beam current density distribu- 
tion. 

[0034] The tilt angle 6, which is constant in the process of implantation, of the^workpiece 4 and the holder 6, and 
5 momentary position on Y-coordinate are detected by the holder drive device 24 and supplied to the scanning control 
unit 34 in real time as shown in Fig. 1 . In this specification, real time does not mean a batch processing, but it means 
an immediate processing. 

[0035] When the scanning control unit 34 conducts the following calculation in real time using the tilt angle 6 and posi- 
tion Y, on Y-coordinate, it is possible to find position on Z-coordinate, at which the ion beam 2 is incident upon the 
10 workpiece 4, in real time. Referring to Fig. 8. when position Z^, upon which the ion beam 2 is incident, is Z2, Y^ is 0, and 
when the vrorkpiece 4 is located atrove tfiat, Y^ is positive, and when the workpiece 4 is located below that, Yx is neg- 
ative. 

Zj = Z2 - Yj, tan e [Expressions] 

IS 

[0036] As described above, it is possible to find position Z, on Z-coordinate, at which the ion beam 2 is incident upon 
the workpiece 4, in real time. The workpiece 4 is irradiated with ttie beam 4 of ions by the scanning voltage wavefam 
realizing the desired beam current density disb'ibution Sp(, ZJ according to the above distribution adjusting method. 
Accordingly, even if the tiK angle 8 and the plane size of the workpiece 4 are large, it is possible to irradiate the ion beam 
20 2 in a desired region (for example, all over the surface) of the workpiece 4 by a desired distritxiti'on (for example, a uni- 
form distribution). As a result, even-when the tilt angle 6 and tiie plane size of the workpiece 4 are large, it is possible 
' to implant ions uniformly all over the surface of the workpiece 4. Therefwe, it is possit)le to make a distribution of quan- 
tities of implanted dopant uniform on all surfaces of the workpiece 4. 

[0037] In order to carry out the above beam irradiation method ideally, it is necessary to find and apply scanning volt- 
25 age waveforms for an infinite number of positions Z^ on Z-coordinate which sati'sfy Zi < Z^ < Z3. However, the above 
method takes a long time. Therefore, the at>ove method is not suitable for practical use. Accordingly, in an actual ion- 
implantation apparatus, eitiier of the following method (1) or (2) is preferably carried out. 

(1) A finite number of scanning voltage waveforms for realizing desired beam current density distributions with 

30 respect to a finite number of positions Z^ on Z-coordinate having discrete intervals, which are suitable for practical 
use and do not affect a result on ion-implantation, are previously found, and they are used being changed over in 
real time according to position Y,, on Y-coordinate of the workpiece 4. That is, scanning voltage waveforms in the 
plurality of previously found scanning voltage waveforms, in which positions Z^ on Z-coondinate coincide with posi- 
tion Zx on Z-coordinate calculated by the atwve Expression 3 or positions Zx on Z-coordinate are closest to position 

35 Zx of Z-coordinate calculated by ttie above Expression 3, are successively selected in real time. The workpiece 4 
is irradiated while the ion beam 2 is subjected to scanning by these selected scanning voltage waveforms. 

According to the above beam irradiating method, it is suff ident to use a finite number of scanning voltage wave- 
forms.. Therefore, the processing time can be shortened and ttie calculation can be easily conducted, that is, Uie 
above beam inradiating method can provide a great effect for practical use. 

40 (2) With respect to a plurality of discrete positions on Z-coordinate located in ttie workpiece 4, for example, scan' 
ning voltage waveforms to realize desired beam current density distributions for the above positions Z^ , Zj and Z3 
on Z-coordinate are previously found. Differences between ttiese waveforms are weighted by position Zx on Z-coor- 
dinate calculated by Expression 3. Then, the scanning voltage waveforms for positions Z, on Z-coordinate are suc- 
cessively calculated. While scanning is conducted by the ion beam 2 with the thus calculated scanning voltage 

45 waveforms, the workpiece 4 is irradiated. 

[0038] According to this beam irradiating method, ttie number of scanning voltage waveforms to be used is larger than 
the method described in ttie above metiiod (1). However, ttie cun-ent density distribution of ttie actually irradiated beams 
of ions is more ideal than that of the mettiod desaibed in item (1). 
50 [0039] In ttiis embodiment, calculation and changeover of the scanning voltage waveforms described in ttie above 
items (1) and (2) can be conducted by the scanning corrtrol unit 34. 

[0040] Fig. 2 is a perspective view of showing another embodiment of ttie hybrid scanning type ion-implantation appa- 
ratus in which the disttibution measuring method of the present invention is carried out. Different points from the embod- 
iment shown in Fig. 1 will be mainly explained as follows. In this embodiment instead of two Faraday arrays 20, 30, one 
55 Faraday array 30 is used. This Faraday array 30 is moved in the longitudinal direction along Z-axis as shown by arrow 
E by ttie actions of ttie Faraday drive shaft 38 and ttie Faraday drive unit 40. At positions Z, and Zj, on Z-coordinate, 
current density disb-ibutions S(X, Z|) and S(X, ZQ of ttie ion beam 2 are respectively measured. 
[0041] Due to the foregoing, it is sufficient to provide only one Faraday anay In general, the cost of the Faraday drive 
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unit 40 is lower than that of the Faraday array. Therefore, it is possible to reduce the cost in this embodiment compared 
with a case in which two Faraday arrays are used. Further, maintenance work can be reduced because the number of 
Faradays is decreased from two to one. Furthermore, the number of the signal processing circuits used for the Faraday 
arrays can be decreased to one. Accordingly, the cost can be further reduced. 

[0042] In the above explanation, the ion beams is used which is a typical example of the beam of charged particles. 
However, the above distribution measuring method, the distribution adjusting method and the beam irradiating method 
can be applied to not only the ion beams but also the beam of charged particles except for the ion beams, for example, 
the above distribution measuring method, the distribution adjusting method and the beam irradiating metiiod can be 
applied to an electron beam. 

[0043] Since the present invention is composed as described above, the following effects can be provided. 
[0044] According to the first aspect of the present invention, it is possible to freely find a distribution of beam current 
density at an arbitrary position on Z-coordinate located in the workpiece by the measurement of distribution of current 
density of the first and the second beam. Accordingly, even when the tilt angle and Bie plane size of the workpiece are 
large, a state of the distribution of beam current density can be accurately grasped on a surface of the workpiece includ- 
ing a portion in the proximity of an end portion in Ydirection of the workpiece. 

[0045] According to the second aspect of ttie present invention, it is possit)le to freely adjust a distritxjtion of beam 
current density at an ait)itirary position on Z-coordinate located in the workpiece. Accordingly, even if the tilt angle and 
the plane size of the workpiece are large, it possible to irradiate a beam of charged particles at a desired disti-ibution in 
a desired region of the workpiece. 

[0046] According to the third aspect of the present invention, it is possible to irradiate a beam of charged particles to 
a workpiece in accordance with a position at which ttie charged particles are incident upon the workpiece while scan- 
ning is being conducted by a scanning electric waveform appropriate for realizing a desired distribution of beam current 
density. Accordingly, even if ttie tilt angle and the plane size of the workpiece are large, it possible to irradiate a beam 
of charged particles by a desired disti'ibution in a desired region of the workpiece. FurUier, this can be conducted by 
using a finite number of scanning electric waveforms. Therefore, the cont'd of calculation becomes easy Accordingly, 
this method can be effectively put into practical use. 

[0047] According to the fourtti aspect of ttie present invention, although the number of the scanning voltage wave- 
forms to be used in this method is larger ttian ttie number of the scanning voltage waveforms to be used in the metiiod 
of the ttiird aspect of the present invention, the current density distribution of ttie actually irradiated ion beams of ttiis 
method is more ideal ttian ttiat of ttie method according to the ttiird aspect. 

Claims 

1. A method of measuring distribution of a beam of charged particles, applied to an apparatus in which a workpiece 
is inadiated witti a beam of charged particles while ttie workpiece is mechanically reciprocated along Y-axis and 
while ttie beam of charged particles proceeding along Z-axis substantially perpendicular to Y-axis reciprocates and 
conducts scanning electromagneb'cally, and in which a tilt angle formed between a surface of the workpiece and Y- 
axis can be set at a value more ttian 0°, the method of measuring disti'ibution of beam of charged particles com- 
prising ttie steps of; 

measuring a first current density disti-ibution in ttie scanning direction of the beam of charged particles at a first 
position on Z-coordinate and also measuring a second current density distribution in the scanning direction of 
ttie beam of charged particles at a second position on Z-coordinate; and 

finding a current density distribution in the scanning direction of the beam of charged particles at an arbitrary 
position on Z-coordinate by ttie mettiod of interpolation or extrapolation by using the first and the second cur- 
rent density distribution. 

2. A mettiod of adjusting distribution of a beam of charged particles comprising^the step of: 

adjusting a current density distribution in the scanning direction of a beam of charged particles at an arbitrary 
position on Z-coordinate in the workpiece by reforming a scanning electric waveform of the beam of charged 
particles so that a scanning speed of ttie beam of charged particles can be relatively lowered at a position 
where the current density is to be increased in the current density disti'ibution and also a scanning speed of ttie 
beam of charged particles can be relatively raised at a position where ttie cun-enf density is to be decreased, 
by using the current density disttibution of ttie beam of charged particles at an arbitrary position on Z-coordi- 
nate in ttie workpiece which has been found by the mettiod of measuring distribution of the beam of charged 
particles described in daim 1. 
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A method of irradiating a beam of charged particles comprising the steps of: 

finding previously a plurality of scanning electric waveforms of a beam of charged particles for realizing a 
desired current density distribution at a plurality of positions on Z-coordinate in the workpiece according to the 
method of adjusting dista'ibution described in claim 2; 

calculating a position on Z-coordinate at which the beam of charged particles is incident upon the workpiece 
in real time by using the tilt angle of the workpiece in the in'adiation of the beam of charged particles and also 
using a momentary position on Y-coordinate; 

selecting successively in real time a scanning electric waveform in which the position on Z-coordinate coin- 
cides w'rth or is closest to the position on Z-coordinate calculated before, from the plurality of scanning electric 
waveforms found previously: and 

conducting irradiation on the vrorkpiece while the beam of charged particles conducts scanning by the selected 
scanning electric waveform. 

A method of irradiating a beam of charged particles comprising the steps of: 

finding previously a plurality of scanning elecb'lc waveforms of a beam of charged particles for realizing a 
desired current density distribution at a plurality of positions on Z-coordinate in the workpiece according to ttie 
method of adjusting distribution described In claim 2; 

calculating in real time a position on Z-coordlnate at which the beam of charged particles Is Incident upon the 
workpiece by using the tilt-angle of the workpiece In the irradiation of the beam of charged particles and also 
using a momentary position on Y-coordinate; 

weighting a difference among Uie plurality of scanning electric waveforms, which have been previously found, 
by the position on Z-coordinate which has been calculated before; calculating in real time successively a scan- 
ning elecb^lc waveform w'rth respect to each position on Z-coordinate which has been calculated before; and 
conducting irradiation on tiie workpiece while the beam of charged particles conducts scanning by tiie calcu- 
lated scanning electric waveform. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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FIG. 9 
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